ABSTRACT. In this study, we aimed to explore the curative effect and safety of neural stem cell intrathecal transplantation for the treatment of cerebral hemorrhage. We transplanted 4.0 x 10 8 neural stem cells per procedure into the subarachnoid space by lumbar puncture 7 days after cerebral hemorrhage, twice a week, a total of 4 times. NIHSS scores and brain CT scans were conducted to assess neural functions and the volume of perihematoma lesions in patients on days 1, 7, 14, 21, and 28. We found that the NIHSS scores and the volume of the perihematoma lesions were significantly reduced after day 14. The differences before and after treatment were highly significant in intra-and between-group comparisons (P < 0.05). There were no adverse reactions, except for transient fever and shivering in a few patients. Our data suggest that the use of neural stem cells in intrathecal transplantation for the treatment of cerebral hemorrhage is safe and effective.
INTRODUCTION
Intracerebral hemorrhage (ICH) causes severe neurological deficits and a large morbidity rate in patients. This can be attributed to neuronal apoptosis and severe injury of glial cells due to the mechanical compression of the hematoma, as well as the secondary damage caused by cerebral edema and local inflammation (Kanvacki et al., 2006; Xi et al., 2004 Xi et al., , 2006 . Since medical therapy against ICH, such as mechanical removal of hematoma, prevention of edema formation by drugs, and reduction of intracranial pressure has limited effectiveness, alternative approaches such as stem cell-based cell therapy are required (Gebel and Broderick, 2000; NINDS ICH Workshop Participants, 2005) .
Recent progress in stem cell biology has opened up new approaches to therapeutic strategies to replace the lost neural cells by transplantation of neural stem cells (NSCs) in CNS injury and disease (McKay, 1997; Flax et al., 1998; Gage, 2000; Kim, 2004; Lindvall and Kokaia, 2006; Muller et al., 2006) . Stem cells are initial cells with abilities for self-renewal (Darsalia et al., 2007) , high proliferation, and multiple-directional differentiation, which can relieve dysfunctional neurons with certain growth factors and give rise to neurons, astrocytes, and oligodendrocytes to replace the injured cells (Aboody et al., 2000; Bjorklund and Lindvall, 2000; Modo et al., 2002; Savitz et al., 2002) . Previous studies indicated that NSCs engrafted in animal models of ICH survive and ameliorate neurological deficits in the animals (Jeong et al., 2003; Lee et al., 2007; Lee et al., 2008) . Jeong et al. (2003) reported that intravenously transplanted NSCs could enter the rat brain with ICH, undergo migration, and thus improve functional recovery.
From October 2010 to March 2012, 20 cerebral hemorrhage patients received NSCs intrathecal transplantation in our department. By evaluating the curative effects and the side effects, we expected to open a new way for the treatment of cerebral hemorrhage.
MATERIAL AND METHODS

General information
Forty cases of acute hypertensive ICH patients were divided randomly into 2 groups: 20 patients in the treatment group received routine treatment and neural stem cell transplantation and 20 patients in the control group received routine treatment. There were 13 males and 7 females, aged 40 to 70 years, with an average age of 58.1 ± 8.6 years in the treatment group; and 11 males and 9 females, aged 41 to 69 years, with an average age of 60.3 ± 8.7 years in the control group.
The inclusion criteria were basal ganglia hemorrhage, bleeding amount between 30 to 50 mL, age between 30 and 75 years, an onset time within 24 h, myodynamia below or at 3 levels, and medical history of the patient's family.
The exclusion criteria were hemorrhage after cerebral infarction, hemorrhage secondary to other diseases (such as hemopathy, cancer, etc.), severe hepatic or renal dysfunction, patients with atrial fibrillation or severe cardiac dysfunction, complicated severe gastrointestinal bleeding or severe infection, and disagreement of the patient's family for transplantation.
Treatment methods
The 2 groups received identical basic treatments such as blood pressure control, antiexudative, and activation of neuronal metabolism. In addition, patients in the treatment group received NSC transplantation therapy. About 4.0 x 10 8 NSCs were transplanted into the subarachnoid space by lumbar puncture 7 days after cerebral hemorrhage, twice per week, a total of 4 times. The NSCs came from the Red Cross Intervention Hospital Stem Cells Center, Shandong Province.
Observed indexes
Clinical therapeutic efficacy
NIHSS scores were conducted at day 1, 7, 14, 21, and 28 after hemorrhage.
Imaging indexes
The brain CT scan was conducted to assess patients' neural functions and the volume of perihematoma lesions. The volume of hematoma and the lesion around the hematoma were calculated by Duo Tian formula. The amount of bleeding equaled to π/6 multiplied by the maximum length of hematoma, the maximum width of hematoma, and the number of layers. This method had been validated by plane measurement (Kothari et al., 1996) . The volume of the lesion around the hematoma equaled the volume of the hematoma plus the volume of the lowdensity lesions around hematoma subtracted from the actual volume of the hematoma. The measurements were done in milliliters. The study endpoint was the day 28 after hemorrhage.
Adverse reactions
Adverse reactions such as fever, chills, dizziness, and increased blood pressure were observed and recorded in detail after NSC transplantation.
Statistical analysis
All data was expressed as means ± standard deviation (means ± SD) and analyzed with the statistical software SPSS13.0 software. The difference was detected by Student t-test. The difference of categorical data was detected by chi-square test. P values < 0.05 was considered to be statistically significant.
RESULTS
Baseline data for the 2 groups (treatment and control)
Information about the 2 groups, such as gender, age, systolic blood pressure, diastolic blood pressure, glucose, bleeding volume, and NIHSS scores of the first day, followed a normal distribution. There was no significant difference between the 2 groups by Student t-test and chi-square test (P > 0.05) ( Table 1) .
Comparison of neural function defect (NIHSS) between the 2 groups (treatment and control) before and after treatment
The NIHSS scores of the 2 groups before treatment followed a normal distribution. No statistical difference was observed by the Student t-test (P > 0.05). The NIHSS scores of the 2 groups met the "sphericity symmetric" assumption at the same time after onset. The differences in the NIHSS scores were statistically significant by the variance analysis except for day 7. The NIHSS scores of treatment group declined compared with the control group ( Figure  1 , Table 2 ). Table 2 . NIHSS scores on admission and different time points after onset (means ± SD).
∆
Differences of the NIHSS scores between the two groups 7th day after onset were no statistically significant, P > 0.05; ▽ Differences of the NIHSS scores between the two groups 14th day after onset were considered to be statistically significant, P < 0.05; *Differences of the NIHSS scores between the two groups 21st and 28th days after onset were considered to be statistically significant, P < 0.01.
Volume around the hematoma lesions of the 2 groups (treatment and control) at different time points before and after treatment
The volumes around the hematoma lesion showed no statistical differences between the 2 groups at admission and day 7 after onset (P > 0.05). The volumes around the hematoma lesions obviously decreased from the beginning of day 14 after onset, and the most obvious change was at day 28. Both groups showed parallel decline, but the decline in the treatment group was highly obvious. Irrespective of whether the comparison was between the 2 groups or a comparison of the same group before and after treatment, the differences were obviously significant (P < 0.01) (Figure 2 , Table 3 ). 28.61 ± 4.73 11.14 ± 1.76* 28th day after onset 22.6 ± 4.73 9.79 ± 5.34* Table 3 . Volume around the hematoma lesions on admission and different time points after onset (mL).
∆
Differences of the volume around the hematoma lesions between the two groups 7th day after onset were no statistically significant, P > 0.05; *Differences of volume around the hematoma lesions between the two groups 14th, 21st, and 28th days after onset were considered to be statistically significant, P < 0.01.
Adverse reactions
Two patients had transient chill and fever, and the body temperature reached 38°C during the treatment. These phenomena happened into 24 h after transplantation, which could be alleviated after intravenous injection of 10 mg dexamethasone. The dizziness or stretching, incidentally, did not need special treatment.
DISCUSSION
Traditional treatment of ICH includes chemotherapy and surgery. The therapeutic purpose was to remove the hematoma and reduce the secondary damage caused by the hematoma-induced oppression on the surrounding brain tissue. However, 50% of patients still survived with severe disability (Zhang et al., 2006) . The repair of damaged neurons with respect to structure and function became the hotspot of research on the treatment of cerebral hemorrhage.
In our study, exogenous NSCs were transplanted to the subarachnoid region by lumbar puncture. The neural function greatly improved since the second transplantation. By the time of study termination, the NIHSS scores reached 6.50 ± 1.18, and they were found to be obviously lower than the values of the control group and those observed before treatment. There was significant statistical difference. The volumes of damaged brain tissue around the hematoma had obviously decreased. By the time of study termination, it reached 9.79 ± 5.34 mL and was found to be obviously lower than that in the control group. The intrathecal transplantation of NSCs for the treatment of cerebral hemorrhage was found to be effective from the clinical manifestations and imaging studies, the findings that were in agreement with previous research (Lee et al., 2008) . This indirectly showed that the lack of nerve function in patients with cerebral hemorrhage was connected with the damage of neural tissue around the hematoma, and therefore, it was very important to promote the recovery of neurological function by timely repair of the damaged neural tissue.
On one hand, the transplanted cells migrate to the damaged area under the guidance of chemotactic factors (Lee et al., 2008) and then secrete a variety of nerve growth factors and neurotrophic factors (Nagai et al., 2007) , which could inhibit neuronal apoptosis, promote the regeneration of blood vessels and axons (Lapergue et al., 2007) , improve the microenvironment of the damaged area, and protect the organization around the hematoma. On the other hand, the transplanted cells can activate the proliferation and differentiation of the endogenous NSCs (Masuda et al., 2007) , replace the damaged neurons, and rebuild neural circuits. Improvement in the symptoms cannot be attributed to the transformation of transplanted cells into nerve cells (Castro et al., 2002) ; instead, it can be due to the autocrine function of some factors that play a role in the protection of damaged cells. To some extent, this effect stopped the progress of cell apoptosis.
Although we did not use immunosuppressive agents, we did not observe immune rejection before and after transplantation. This was due to the low immunogenicity of the NSCs and the "immune immunity" of the brain to the NSCs. A few patients had transient fever and shiver within 24 h of transplantation; this phenomenon alleviated after symptomatic treatment. The dizziness or stretching incidentally did not need special treatment. Therefore, intrathecal transplantation of NSCs for the treatment of cerebral hemorrhage was safe and effective.
In most experimental research and clinical treatment studies, 18F-Fluorodopa method was used to evaluate the curative effects of stem cell transplantation. However, our hospital lacks this infrastructure, and therefore, we were unable to monitor the state and function of hRPE in situ after transplantation in the brain.
